Abstract -A new motion adaptive algorithm for de-interlacing spatial interpolation is more adequate when the level of motion video is proposed in this paper. It employs two fuzzy systems to is high.
combination of both systems provides an effective result with a low Selection of this threshold is difficult because usual problems, cost in term of hardware resources.
such as the presence of noise, produce wrong decisions. Inherently, transition between small and high motion is fuzzy Keywords -De-interlacing, Detection of field repetition, Fuzzy logic, rather than crisp and, hence, a fuzzy instead of a crisp motion Motion adaptive detector is more robust. Several algorithms reported in the literature use fuzzy logic to detect motion in de-interlacing I. INTRODUCTION applications [3] - [4] . Van de Ville et al. describe in [3] how heuristic knowledge to detect motion is translated from 'ifAnalogue television broadcast systems in current use (PAL, then' rules expressed linguistically into an algorithm, where the NTSC and SECAM) employ interlacing to halve the bandwidth presence or absence of motion is evaluated in a fuzzy way. This of video signal transmission. Interlacing consists of reducing the is performed by a complex fuzzy system, which uses five input vertico-temporal sampling density by eliminating the odd/even variables since the level of motion is not only evaluated in the lines of the frames in a sequence. Nowadays, the increasing current pixel, but also pixels in the neighborhood are considered. demand of devices that require a progressive scanning format The computational cost of this proposal is considerably high has encouraged the development of de-interlacing algorithms, since it requires 26 maximum operators, 29 minimum operators, These algorithms perform an interpolation to calculate the non-60 defuzzification processes and one division. The output of the transmitted lines trying to minimize the artifacts caused by fuzzy motion detector (Qy(x, y, t)) measures the motion in a pixel interlacing.
with the spatial coordinates (x, y) in the field (t) of the sequence. Two main categories are distinguished among de-interlacing The luminance value of the interpolated pixel (X) is given by the algorithms: motion compensation (MC) and non-MC methods following expression: [1] . The first ones are the most advanced de-interlacing X= (1-(x,y,t))IT+ (x,y,tjs algorithms and, particularly, achieve very good results in moving areas of the image. The problem is that they where -y(x, y, t) is a value in the interval [0, 1] instead of a crisp require the calculation of a bi-dimensional motion vector and a value of the conventional motion adaptive algorithms. displacement estimator at each pixel of the field, which means a Gutierrez et al. propose in [4] a simplification of the high computational cost. Among non-MC methods, the motion algorithm developed in [3] . This is performed by decreasing adaptive algorithms offer a good trade-off between cost and the number of input variables from five to one thanks to the quality [2] . This kind of algorithms combines an spatial or intra-use of a bi-dimensional convolution to measure the level of field method with a temporal or inter-field method according motion. The influence of the neighbors is considered by to the presence of motion. They are based on the idea that including a coefficients matrix (C), in which higher values temporal interpolation is very suitable for static areas, while coffespond to closer neighbors. This proposal reduces the 
process. Furthermore, the approach achieves a better quality in Different weights and sizes matrix H have been studied the reconstruction of the interpolated images than the proposal to achieve a good trade-off between the computing resources in [3] . by the following expression:
SimilaritY(x,Y,t)
-B-Boj+ E-Eoj (7) where ai is the corresponding activation degree of each rule in The heuristic knowledge of this fuzzy system is expressed by Table I. means of the following linguistic rules: Three degrees of motion are considered in this fuzzy system.
If similarity between the fields (t-1) and (t) is small
After analyzing up to five degrees of motion [8], the rule base (S), the most adequate interpolated value is obtained by with three rules has been selected since it provides the most selecting the pixel value in the previous field at the same attractive solution in terms of hardware resources and quality spatial position (X0) in Fig. 1 .
of the interpolated image [8] .
2. On the contrary, if similarity is large (L), the pixel value Let us consider the temporal aperture of three fields shown in in the previous field is not a good choice and is better to bet Fig. 1 . If the sequence was recorded by a video camera with a on the pixel in the next field (X,) in Fig. 1 . picture rate of 50 Hz (PAL) or 60 Hz (NTSC), the three fields of Table II summarizes the rule base of this second fuzzy system. the aperture are different in moving areas of the image. However, The shape of membership functions to model the fuzzy concepts if the material was registered with a cine-camera the picture rate small and large are shown in Fig. 4 . is 24 Hz. A conversion of film material is necessary to display
The output of this fuzzy system is given by the following it on TV. The conversion to adapt both picture rates basically expression:
consists of repeating the fields twice (to achieve 50 Hz) or twice and three times altematingly (to achieve 60 Hz) as it is shown in I= X0 + /2Xn
(8) Fig. 3 . This process is known as pull-down 2:2 and pull-down where j3i is the activation of each rule in Table II. 3:2, respectively. Different methods can be selected to perform spatial If the temporal aperture are composed by three fields from interpolation. Specifically the algorithm reported in [9] has been film material (for instance grey fields in Fig. 3) , two or three of selected due to its ability to interpolate pixels while preserving the fields in the aperture are similar. The detection of these cases edges in the image.
is very interesting due to the risen presence of film and hybrid A block diagram of the global algorithm is shown in Fig.  material on TV. Besides a perfect de-interlacing can be achieved 5. As it can be seen, two fuzzy systems are used (FS 1 and by weaving at a expense of a minimal cost if the repeated field is FS2 boxes). FS1 corresponds to the motion detection system detected.
whereas FS2 selects the most adequate temporal interpolation. To identify the presence of film material a simple fuzzy system is used. It selects the most adequate temporal interpolation depending on the similarity between two consecutive fields given III. SIMULATION RESULTS Table III shows the average PSNR values obtained when de-interlacing fifty fields of seven video sequences. The The performance of the proposed algorithm has been PSNR results show that the proposed algorithm performs better analyzed by de-interlacing several video sequences. They can than the other algorithms since it achieves the highest values. be divided into two categories: a first group of standard video Furthermore its computational complexity is very low since it sequences and a second one of real film sequences from TV only requires 3 multipliers and 2 adders to implement the first channels or movies.
fuzzy system (FS,).
The video sequences considered have widely been used as
The algorithm has also been tested to de-interlace the real benchmarks in video processing applications. The interlaced film sequences shown in Table IV . In this case, the proposal video data have been obtained from these progressive sequences is compared with one of the best well-known algorithm (VT by eliminating lines. Many error measures have been proposed 3fields [7] ), and two proposals that use the same fuzzy system as figure of merit to evaluate the quality between the obtained to detect motion (FS1) but they employ two different temporal interpolated frames and the original ones. However, as a interpolators (IT). The Proposalprevious employs the value consequence of the complexity of the human visual system, it of the previous field (X0), whereas the Proposalaverage uses is difficult to find an objective criterion to entirely describe the the average value of pixels in the previous and next field visibility of image distortions. Nevertheless, some measures (0.5(Xn + X0)). The results are shown in Table IV Fig. 7 .
The proposed algorithm has been also compared with other de-interlacing algorithms with less or similar computational IV. CONCLUSIONS cost: four spatial method such as line doubling, line average, and conventional ELA (edge-adaptive interpolation algorithms
The proposed algorithm performs better that other motion [1] ) using 3+3 and 5+5 taps; the simplest temporal de-adaptive algorithms reported in the literature. It uses two interlacing algorithm called field insertion, and two vertico-simple fuzzy systems: one considers the level of motion to temporal filtering with two and three fields [7] ; and, finally the employ spatial and temporal interpolation and a second one that fuzzy motion adaptive algorithms reported in [3] and [4] .
selects the best solution for a temporal interpolation. A relevant 
